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Chitin-triggered plasmodesmata closure is dependent on LYK4 and LYK5 97 We previously identified that LYM2 is a GPI-anchored, LysM receptor protein that is 98 resident in the plasmodesmal PM . As LYM2 has no intracellular 
115
LYK4 and LYK5 were detected in mature leaves grown in our conditions, eliminating LYK2 116 from further analysis (Fig. S1 ). We previously showed that CERK1 is not required for chitin-117 triggered plasmodesmata closure ) and therefore we assayed for chitin- 
LYM2-dependent chitin-signalling induces callose deposition at plasmodesmata
129
Callose is a β-1,3-glucan polymer deposited at plasmodesmata during stages of is deposited at plasmodesmata in response to flg22 (Xu et al., 2017) . Therefore, we examined 134 callose deposition at plasmodesmata in response to chitin in Arabidopsis to determine if this 135 is common to pathogen-triggered plasmodesmata closure. We quantified aniline blue-stained 
LYK4 is present in plasmodesmata
150
Having identified that LYK4 and LYK5 are required for chitin-triggered 151 plasmodesmata closure we examined their subcellular localisation to determine if they 152 accumulate at plasmodesmata like LYM2. We generated translational fusions of LYK4 and 153 LYK5 to RFP. Both LYK4 and LYK5 localised to the PM in the absence and presence of 154 chitin, with no enrichment in plasmodesmata evident (Fig. S2) immunoprecipitated Citrine-LYM2 from membrane fractions with anti-GFP beads (Fig. 2B ).
173
LYK4-HA was co-immunoprecipitated with LYM2 from both water and chitin treated tissue 174 suggesting that LYM2 associates with LYK4 in a chitin independent manner. The negative 175 control BRI1-RFP did not co-immunoprecipitate with Citrine-LYM2 (Fig. S3A ).
176
Given that LYM2 and LYK4 are present in plasmodesmata we thought that these two 177 proteins could directly execute plasmodesmal PM chitin signalling. However, LYK5 is also 178 required for chitin-triggered plasmodesmata closure and thus, we tested the dependence of 179 the interaction between LYM2 and LYK4 on LYK5. For this we transformed Arabidopsis 180 lyk5-2 protoplasts with Citrine-LYM2 and LYK4-RFP (Fig. 2C ) and performed targeted co-
181
IPs. We observed that LYK4-RFP immunoprecipitated with Citrine-LYM2 in a chitin-182 independent manner from both Col-0 and lyk5-2 protoplasts. While this clearly demonstrates 183 that the interaction between LYM2 and LYK4 is LYK5 independent, these assays also 
LYK4 and LYK5 associate in the PM
195
The observation that LYK5 is required for both chitin-triggered plasmodesmata and LYK5-RFP showed that LYK5-RFP co-immunoprecipitates with LYK4-GFP (Fig. 3A) .
202
The negative control BRI1-RFP did not co-immunoprecipitate with LYK4-GFP (Fig. S3B) .
203
This suggests that LYK4 and LYK5 associate in the PM.
204
We further explored the dynamics of this interaction with FLIM-FRET analysis ( LYK4 and LYK5 by either complex dissociation or a change in conformation.
210
We also used FRET-FLIM to investigate the localisation of a LYK4-LYK5 complex
211
and compare the PM with the plasmodesmal PM (Fig. 3C ). For this we marked (Fig. 4A) ; i.e. Citrine-LYM2 at plasmodesmata appeared to get brighter relative to PM 
263
The rapid production of ROS in response to chitin is associated with the NADPH 264 oxidase RBOHD (Kadota et al., 2014 ) and so we tested whether RBOHD is required for 
293
Among the CPKs, CPK4, 5, 6 and 11 have been described to be involved in the 294 regulation of RBOHD-dependent ROS burst, and CPK6 has been shown to phosphorylate 295 both Ser133 and S347 (Kadota et al., 2014 ). Therefore, we tested the involvement of CPK6 296 in chitin-triggered plasmodesmata closure. Bombardment assays showed that two 297 independent cpk6 mutants, cpk6-1 and cpk6-2, were unable to close their plasmodesmata in 298 response to chitin (Fig. 5A ) confirming CPK6 functions in plasmodesmal signalling.
299
LYM2 is a GPI anchored protein and therefore unlikely to directly interact with 300 intracellular CPKs. Having shown previously that LYM2 associates with LYK4 (Fig 2) , we 301 investigated the interaction between CPK6 and LYK4. We generated a GFP-tagged We found that in addition to LYM2, the RK LYK4 is also critical for plasmodesmal 346 PM chitin signalling. LYK4 associates with LYM2 and is detected in plasmodesmata but We observed that chitin-triggered plasmodesmata closure is dependent on both CPK- their relevance to plasmodesmal signalling is unknown; they may correlate to specific CPKs, 409 or to an independent mechanism for tuning RBOHD activity.
410
Combining all the measurements and observations we have made in this study, we 411 propose a model for plasmodesmal PM specific signal integration during chitin immune 412 responses (Fig. 6) . We suggest that LYK4 and LYK5 constitutively interact at the PM and 
Material and methods
445
Plant materials 446 Arabidopsis plants were grown on soil in short days conditions with 10h light at 22 °C. N. (Faulkner et al., 2013) ), cerk1-2-450 (GABI_096F09, (Miya et al., 2007) ), lyk3 (SALK_140374 (Wan et al., 2012) Table S2 .
490
Microprojectile bombardment assays
491
Microprojectile bombardment assays were performed as described . 5- excited with a 488 nm argon laser and collected at 505-530 nm, aniline blue was excited with 539 a 405 nm UV laser and collected at 430-550 nm.
540
Plasmodesmal callose staining and quantification
541
Plasmodesmal callose staining and quantification was performed as described (Xu et al., 542 2017). The 8 th leaf of 5-6-week-old Arabidopsis plants was infiltrated with water or chitin.
543
One hour after treatment, the leaf tissue was infiltrated with 0.01% aniline blue in PBS buffer 544 (pH 7.4). Three areas were cut from one leaf and three different sites were imaged from each 545 area. Callose deposits were imaged from the abaxial side of the leaf using a 63× oil 546 immersion lens (Plan-APOCHROMAT 63×/1.4 oil) with a Leica SP5 confocal microscope.
547
Aniline blue was excited with a 405 nm UV laser and collected at 430-550 nm. This was when the data was not normally distributed a non-parametric Mann-Whitney U test was used.
559
Statistical significance was concluded when p-value was less than 0.05. Sample-specific 560 details are listed in the figure legends. fitting the data using the Monte Carlo method and then by fitting the data using the Maximum Icorr is the corrected intensity, Inorm is the normalised intensity, Idecay is the modelled intensity 629 from the acquisition decay curve. transiently expressing the desired construct, were ground in liquid nitrogen to a fine powder.
561
PD index (plasmodesmata/PM fluorescence intensity ratio)
659
The powder was ultrasonicated in extraction buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl,
660
1× cOmplete™ ULTRA EDTA-free protease inhibitors (Roche), 1 mM PMSF, 1% w/v PVP-661 40kDa (Sigma)), followed by high-pressure homogenisation (EmulsiFlex B15, Avestin) to 662 produce the "Total" fraction. ImageQuant LAS 500 (GE Healthcare).
679
ROS burst measurement
680
Leaf discs (4 mm in diameter) were immerged in in 96-well white plates (Greiner bio-one)
681
containing sterile water overnight in the dark. The next day, the water was replaced by a 682 solution containing 20 μg/mL HRP (Sigma), 17 μg/mL luminol (Sigma), and chitin (NaCoSy, 683 500 µg/mL) or water (mock). Integrated luminescence was measured using a luminometer 
Statistical analyses
689
Statistical analyses were performed using Genstat® version 18 or R 3.5.1. Details are in the 690 relevant methods section and/or figure legends. n-values are detailed in Table S1 . 
